ABSTRACT Rabbits were exposed to 06 mg/m3 of nickel as NiCl2 for about one month. After exposure, alveolar macrophages were lavaged from the lung and divided into three fractions by elutriation. Laminated structures in the macrophages were related to fraction number so that the fractions with the largest cells contained the highest number of structures. The lysozyme activity decreased in unfractionated as well as in fractionated macrophages from nickel exposed rabbits. 
Inhalation exposure of rabbits to low levels (0-1-1 mg/m3) of nickel in metallic or soluble form from one to eight months affects alveolar epithelial type II cells; increases the content of phospholipids in the lung, especially disaturated phosphatidylcholines; and alters the morphology and oxidative metabolic activity of alveolar macrophages.' These effects are produced by nickel concentrations similar to, and sometimes even below, the present occupational threshold limit values (TLVs). In the United States the TLV for metallic nickel is 1 mg/m3 and for soluble nickel 0-1 mg/rn3. The pattern of effects is similar to that seen in rats after exposure to high concentrations of quartz dust and also similar to the pathological picture seen in the human disease, pulmonary alveolar proteinosis. 2 
Results

GROSS FINDINGS
The lungs from the exposed rabbits and controls appeared to be essentially normal. Lung lavage fluid Table 1 Percentage macrophages with 0-3, 4-10, and > 10 laminated inclusions from rabbits exposed to 0-6 mg/rm3 Ni2 + as NiCI2 forfour to six weeks,five days a week, six hours a day andfrom controls. From the exposed rabbits unfractionated macrophages andfractionated macrophages were studied. (Data are given as mean + SD) from many of the rabbits exposed to nickel and from one of the controls had a turbid or opaque appearance. The number of cells lavaged from the lungs of the control rabbits was 37 + 15 x 106 and from the exposed rabbits, 95 + 40 x 106 (mean + SD).
After elutriation of the cells from the exposed rabbits the largest number of cells were found in fraction 4, fewer cells in fraction 3, and fewer still in fraction 2. Fraction 1 contained surfactant structures and cell debris. As the number of cells in fractions 2 and 3 was often limited, all tests could not be performed for all rabbits. Table I shows the distribution of laminated inclusions in the macrophages from the exposed rabbits and the controls. The control rabbit with turbid lung lavage fluid had macrophages that clearly differed from the other controls and from the macrophages of the exposed rabbits. Dead cells and cell debris were present in the lavage fluid from this rabbit. The percentages of macrophages with 0-3, 4-10, and > 10 laminated inclusions/cell profile were 68%, 18%, and 14% for this rabbit. These data are not included in table 1.
MORPHOLOGY
Fraction 2 contained the highest proportion of small macrophages which were similar in appearance to the macrophages from the control rabbits. These cells had 0-3 laminated inclusion profiles/cell profile and the cell surface had moderate protrusions (fig 1) (table 1). In fraction 3 there was a small increase in the proportion of macrophages with a moderate num- Johansson, Lundborg, Skog, Jarstrand, Camner Lysozyme activity in fractions of macrophages after exposure to nickel ber of laminated inclusions, 4-10 profiles/cell profile (fig2), and in the proportion of macrophages with many inclusions, 10 profiles/cell profile (fig 3) Lysozyme activity in the lung lavage fluid and in the macrophages was 5 5 + 2-3 (mean + SD) and 6-4 + 2 5 for the controls (n = 7), respectively, and 1 4 + 0-8 and 1 2 + 0 7 for the exposed rabbits (n = 8), respectively. Both activities were significantly lower in the nickel exposed animals than in the controls (p < 0 01) (table 2) . If the control with the morphologically changed macrophages is included the result is similar and the level of significance unchanged. For the fractionated macrophages from the exposed rabbits the lowest activity was found in fraction 2 and the highest in fraction 4. The activity in these two fractions differed significantly (p < 0 05) (table 2) .
In fractionated macrophages from the exposed rabbits the mean value of the NBT activity, both at rest and during E coli stimulation, increased gradually with the fraction number-that is, with the amount of intracellular surfactant (table 2) . The activity in the macrophages from fraction 4 was significantly higher than that in the macrophages from fraction 2 both at rest and during E coli stimulation (p < 0-02 and p < 0 05, respectively).
Discussion
The results show that the elutriation procedure is suitable for separating alveolar macrophages from nickel exposed rabbits with respect to size and content of surfactant inclusions. Macrophages from control rabbits are fewer in number, contain few surfactant inclusions, and are more equal in size.'4 15 In a pilot study where control macrophages were separated by elutriation most cells appeared in fractions 2 and 3 (unpublished data). Because of the small number of cells in the other fractions an investigation, comparable with that performed on macrophages from nickel exposed rabbits, was not feasible. Earlier studies have shown that inhalation exposure to nickel increases NBT activity in macrophages15 22 and that surfactant material from nickel exposed rabbits increases the NBT activity in vitro. '3 In this study the NBT values correlated positively with the number of laminated structures in the fractionated cells from the nickel exposed rabbits. This finding supports the assumption that the different amounts of laminated structures in the macrophages in the four fractions may be used to study causal relations between increases in surfactant material, induced by nickel exposure, and effects on alveolar macrophages in vivo.
The lysozyme activity in lavage fluid and macrophages was greatly decreased in the nickel exposed rabbits compared with the controls; this agrees with earlier results.78 The decrease in lysozyme activity in the fractionated cells was greatest in fraction 2, whereas fraction 4, which contained the highest percentage of cells with many laminated inclusions, showed the lowest decrease in lysozyme activity. This indicates that the impairment of lysozyme activity is not related to increased amounts of surfactant material. Thus nickel probably exerts a-direct effect on the alveolar macrophages resulting in an impaired lysozyme activity in the lungs.
